Non-Hodgkin lymphomas commonly show extranodal involvement (25-30%) but primary diffuse large B-cell lymphomas (DLBCL) with extranodal localization represent clinically and molecularly distinct entities. The present study involved retrospective analysis of case records of 4 patients who were diagnosed with extranodal DLBCL between
Introduction
Lymphomas represent a heterogeneous group of hematological neoplasms and have been traditionally divided into Hodgkin (20-30%) and Non-Hodgkin lymphomas (NHL, 70-80%). The latter affect 386,000 cases worldwide per year (2.7% of all cancers) and include both aggressive and less aggressive types of B-cell and T-cell origin. 1 The most common worldwide type (40%) of NHL is diffuse large B-cell lymphomas (DLBCL). 2 Despite a common morphology characterized by the diffuse proliferation of mature large B-cells, these tumors have biological and clinical heterogeneity. Nevertheless, DLBCL predisposes lymphatic regions, ≤40% initially present in extranodal sites. 3 In regard to medical and family history, lifestyle and predisposing factors, extranodal DLBCL may differ as compared to their nodal counterparts. 4 This data in addition to the differences in molecular pathogenesis, clinical presentation and natural history, indicate that extranodal DLBCL are distinct entities. The predominant site of origin is the gastrointestinal (GI) tract; nevertheless many other organs and tissues may be involved such as the testis, central nervous system (CNS), breast, mediastinum, skin and bone.
The evaluation of disease specific epidemiological factors is highly demanding. 4 CNS lymphomas are commonly related to immunodeficiency, and some studies excluding these patients have suggested that CNS DLBCL have a reverse correlation with atopic diseases and are influenced by family history of lymphoma and smoking. Testicular lymphomas have been associated with B-cell activating autoimmune diseases and smoking, whereas mediastinal DLBCL are positively related to family history of NHL, prolonged use of hair dye and living on farms. 4 Excluding female gender predisposition, there is no clear epidemiological association or risk factors specifically for primary breast lymphomas.
Overall, extranodal disease with involvement of tissue other the lymph node, spleen, Weldeyer's ring, and thymus is not common among DLBCL. They are frequently not diagnosed because their symptoms are similar to many other diseases of inflammatory etiology. During differential diagnostics procedure all diseases which are characterized by lymphadenopathy, such as toxoplasmosis, mononucleosis, lymphadenitis, metastases and Hodgkin lymphoma, must be considered. Immunochemotherapy is a reasonable and tolerable therapeutic approach. At the present time, surgery has not proven to be routinely effective. In extranodal lymphoma, surgical resection of the lesion and radiotherapy are used, whereas in aggressive lymphomas, combined local treatment with complementary or inductive radiotherapy or chemotherapy is applied.
Materials and Methods
In this retrospective study, we describe the clinical features, staging procedure and therapeutic outcome of 4 patients with extranodal primary DLBCL, treated in our tertiary center, where over 100 cases of localized nodal disease were managed between 2010 and 2016. All data were inputted anonymously and were dealt with in accordance with good clinical practice.
To define the neoplasm extension, workup included bone marrow aspirate, trephine biopsy and CT scan of the head and neck region, brain, thorax, abdomen, and pelvis. Histopathologic diagnosis was made according to the criteria of the World Health Organization (WHO) Classification of Tumors of Hematopoietic and Lymphoid Tissues. 5 Additional immunohistochemical stains were applied in all cases. Immunohistochemistry examination included analysis of Ki 67 (proliferative) index  and the mouse monoclonal antibodies  directed against CD79a, CD20, CD5,  CD30, CD10, CD3, CD2, CD45, ALK,  cyclin D1, CLA, IRF4/MUM1, BCL-2 (IWRC) and PET/CT criteria. Post-treatment PET/CT scan was performed in 3 among the 4 patients. Tumor response was evaluated according to the RECIST, version 4.0.
Results

Patients' characteristics
Patients' characteristics and demographics are depicted in Table 1 . The median age at diagnosis was 69 years (range, 60 to 77 years). The gender distribution for the entire population was 2 males to 2 females. Immunohistochemical analysis of the specimens revealed a diversity in the expression of various markers, with CD20 to be positive in all cases while the Ki67 marker had an expression of above 70% in all available specimens. According to the Hans classification, in our case series 1 patient (25%) had a germinal center and 3 (75%) a nongerminal center profile. 6 The sites of involvement included adrenal gland, mandible, cervix uteri, and ileum. The clinical presentation depended on the location of the disease. One patient suffered from abdominal pain (small intestine site of disease), while vaginal bleeding, and swollen mandible were present at the cervix uteri, and mandible location respectively.
Two patients had B symptoms (50%), while none had bone marrow involvement. After staging workup, all the patients fell into I E stage. The majority of patients had low International Prognostic Index (IPI) and as a result they are considered of good prognosis.
Management
The initial treatment included surgery for 3 out of four patients (75%), while immunochemotherapy was delivered to all of them. One patient was treated with a combination of chemotherapy and radiotherapy (Involved-Field Radiation Therapy -IFRT). Most patients (n=3, 75%) received R-CHOP (cyclophosphamide, doxorubicin, vincristine and prednisolone), whereas 1 patient was treated with R-CEOP (replacement of doxorubicin with epirubicin).
After the completion of the treatment, the 3 patients who examined with PET/CT, achieved CR according to PET/CT criteria, while one participant was lost to follow up. Table 1 summarizes the therapeutic choices and the best responses to the treatment.
Discussion and literature review
The median age at diagnosis for DLBCL is in the sixth and seventh decades. Immunosuppressive conditions and viruses such as Epstein-Barr virus (EBV), Human Immunodeficiency virus (HIV) and hepatitis C virus (HCV) have been associated with the pathogenesis of DLBCL. 4 However, in this retrospective analysis, this was not the case, as there was no evidence of immunosuppression in our cohort of patients. There is a slight male preponderance overall, but this varies among anatomic sites. DLBCL typically produces large, destructive lesions that may invade adjacent structures. Microscopic examination reveals a diffuse proliferation of large cells with round, oval, irregular, or lobated nuclei, distinct nucleoli, and scant cytoplasm. The definition of primary extranodal NHL is still controversial and this may contribute to explain their varying percentage in comparison with the nodal ones. In the general population, extranodal NHL comprise 24 to 48% of all NHL. 7 There has been a distinction between primary DLBCL, presenting de novo, and secondary DLBCL. In most cases, patients present with localized disease. The designation of stage III and IV lymphomas as primary extranodal NHL is indeed questionable since extranodal involvement in the presence of mainly nodal or disseminated disease may represent secondary extranodal disease spread.
In the present study, we have attempted to report and evaluate the clinical and pathological features as well as response to therapy and survival in patients diagnosed with extranodal DLBCL. Of most interest is that only approximately 4% of patients diagnosed with DLBCL involve extranodal region, based on the data collected from the electronic patient records of the local University Hospital. The majority of the DLBCL cases (three out of four) were of the centroblastic morphologic variant; the remainder was of the immunoblastic variant, whereas anaplastic variants were not identified ( Figure 1 ). There were no major differences between the characteristics of these patients as compared to the literature; nevertheless, the incidence of primary extranodal DLBCL is relatively rare in this study probably because this group of disorders is supported by various specialties related to the location of lymphoma in our center. The incidence of primary extranodal presentation is variable across the different B-cell histologic subtypes, encompassing the majority of Burkitt's lymphomas, up to 50% of DLBCL and less than 10% of follicular lymphomas (FL). 8 Overall, primary extranodal DLBCL usually affect GI tract, CNS, bone, skin and non-lymphatic structures of head and neck. Various classifications have been proposed based on molecular, pathologic and phenotypic characteristics, taking into consideration the heterogeneity of this entity. 3 The histological subtype is undoubtedly the main predictor of prognosis in either nodal or extranodal lymphomas, and the response to therapy varies among patients. Other prognostic factors include age, performance status, stage, tumor burden and/or extra nodal localization. This is partially due to differences in natural history, but mainly to differences in management strategy which are related to organ-specific problems. In general, data on the prognostic value of extranodal sites is limited; though, our small case series indicates that the extranodal DLBCL has potential prognostic value in the R era. Indeed, in our institution they have been associated with a better prognosis, as compared to nodal DLBCL which is in accordance with the literature. Markers that are correlated with a more aggressive behavior of the disease are Lactate Dehydrogenase (LDH), β-2 microglobulin levels and proliferation rate. The IPI and age-adjusted IPI (aaIPI) have been used to stratify patients in different high or low-risk subgroups and thus allowing clinicians to modify their therapeutic strategies. 9 Cure rates are high in patients with limited disease (5-year PFS of 80-85%) whereas a 5-year PFS of approximately 50% can be noticed in patients with advanced disease. The treatment of choice is CHOP chemotherapy combined with the monoclonal anti-CD20 antibody R, nevertheless in some cases chemoradiation therapy offers better outcome. In our case series, 3 patients received R-CHOP regimen chemotherapy whereas R-CHOP combined with IFRT was administered in 1 patient respectively, which is in accordance to the European Society for Medical Oncology (ESMO) guidelines. 10 Despite improvements in survival after the introduction of R, a proportion of patients still remains refractory or relapses. New treatments targeting specific tumor alterations are currently under evaluation. NF-κB activation and resistance to chemotherapy is a wellknown molecular pathway that could be overcome by these novel therapies. 11 At that regard, MYD88 pathway could block the viability of tumor cells. Indeed, bortezomib, a proteasome inhibitor, can act synergistically with R-CHOP inhibiting NF-κB and improve the outcome of post-germinal/activated DLBCL patients. DLBCLs carrying MYD88 mutations could be particularly sensitive to those drugs inhibiting either NF-κB or JAK/STAT signaling pathways. 11 The role of PET/CT scan in DLBCL is crucial for treatment response assessment, 12 and was predominantly implemented in our cases (3 out of 4 patients). In that regard PET/CT is more accurate than contrastenhanced CT scan, with increased sensitivity for nodal and extranodal sites; in practice, contrast-enhanced CT scan is often carried out before PET/CT. Indeed, CT scan may be necessary for a better delineation of lymphadenopathy from the bowel.
Article
The pronounced heterogeneity in the pathogenesis, clinicopathological features and outcome of the various primary extranodal DLBCL underline the bounden need for detailed consideration of the different sites of origin. By examining each case separately we can delineate the similarities or differences between our series and others previously reported. On the basis of our study, extranodal DLBCL sites had a lower proportion of advanced disease at diagnoses when compared with exclusively nodal disease. A potential explanation for this finding is that involvement of extranodal sites could be detected earlier based on the symptoms associated with mass effect from the tumor.
There are obvious limitations to this study, including its retrospective nature, the absence of follow-up in one of the reported cases, the small size of the cohort, the characteristics of a single institution and the lack of MYD88 mutational status analysis that could help to recognize subgroups of patients with particular features and outcome. Future studies should focus on the potential pathological, molecular, and genetic differences between nodal and extranodal DLBCL looking for potential therapeutic targets.
Primary adrenal lymphoma
Primary adrenal lymphoma PAL is an extremely rare disorder, accounting for less than 1% of all NHL and only 3% of primary extranodal lymphomas. 13 Since 2013 less than 200 cases have been published in the literature. The most common characteristics of PAL include bilateral involvement of adrenal gland, male predominance and elderly age. Symptoms of adrenal insufficiency may present especially in bilateral adrenal involvement. The most prevalent histology is DLBCL. In the largest study of PAL concerning 31 DLBCL, CR and overall response rate after R-CHOP chemotherapy were 54.8% and 87.0% respectively. 13 The 2-year estimates of OS and PFS were 68.3% and 51.1%. In patients achieving CR, significant prolongations of OS (P=0.029) and PFS (P=0.005) were detected. Ann Arbor stage did not affect OS. Bilateral versus uniteral involvement of adrenal gland did not impact OS. When staging was modified to include bilateral adrenal involvement as one extranodal site, early stage (I, II) was associated with longer OS (P=0.021) and PFS (P<0.001).
The prognosis of PAL is dismal with 1-year OS rate of up to 17.5%, probably because optimal treatment lacks consensus. 13 In earlier trials of CHOP therapy, OS of 20%-50% has been reported. The therapeutic approach include combination chemotherapy and radiotherapy, while surgical resection is not recommended due to high morbidity and mortality rates. The risk of CNS relapses is frequent; nevertheless, rituximab has significantly improved the outcome. Generally, it is rather unclear whether treatment with R-CHOP is associated with improved outcome. A few reports demonstrated some benefit in this setting. 14 
Mandible
Among the NHL that occur in the oral cavity, 15-45% arise in the maxilla and mandible and the most common locations are the upper jaw maxilla (11%), the mandible (8%), the palatal soft tissue (8%) and the gum (7%). In addition, NHL of the head and neck in patients with HIV presents frequently as large local masses, with destruction of the maxilla, mandible, and bones around the paranasal sinus. 15 A retrospective review stated that, 16 out of 100 patients (16%) with head and neck extranodal NHL, presented with jaw bone involvement, predominantly with DLBCL. The mandible was the most common bone affected. 16 The median age at diagnosis is 64 years, and men are slightly more susceptible than women. 17 Jaw tumor symptoms, may help in early detection and treatment. Rapid local destruction of the bone without obvious odontogenic infection is a key characteristic of jaw tumors. 17 Persistent pain and tooth mobility caused by rapid bone destruction may be an early indication of malignancy. In advanced cases, swelling, pain, lip numbness and pathologic fracture are also associated with a primary bony lesion. 17 Histopathologically, osteoclasts form tunnels penetrating the cortex and the tumor spread out from the marrow to the surrounding soft tissue through these cortical tunnels. 18 Immunohistochemistry is crucial to reach the correct diagnosis in clinically suspicious cases. Radiographic features are quite specific for diagnosis. Panoramic images are valuable investigation particularly at an early stage of diagnosis, allowing the detection of the first signs of malignancy such as cortical destruction, teeth extrusion and periodontal widening. Imaging may reveal pathological fracture or osteolysis with or without associated condensation of neighboring soft tissue or periosteal thickening. Widening of the mandibular canal and mental foramen may considered as findings suggestive of NHL. 19 Extension the tumor beyond the bony wall in the absence of bone destruction is important in differentiating NHL from squamous cell carcinoma of the maxillary sinus. Magnetic resonance imaging (MRI) is recommended investigation in terms of the evaluation of the progress of the lesion in the soft tissues, which fails at high resolution CT. 20 In addition, the presence of extraglandular involvement, cervical lymphadenopathy, and the relationship to vital structures are also evaluated with imaging. 21 Differential diagnosis of the tumor of the mandible should include multiple myeloma, Ewing sarcoma, Langerhans cell histiocytosis, leukemia, osteosarcoma, bone metastasis, osteomyelitis 22 and can mimic inflammatory lesions that arise around the teeth apices such as periapical granuloma and radicular cyst. 23 Beal et al. 24 in a long-term follow-up of 82 patients with primary bone lymphoma, have concluded that patients' prognosis is excellent, with a 5-year survival rate of 95%. Nevertheless, DLBCL of the mandible is usually aggressive, associated with rapid growth and severe bone destruction. 17 In a retrospective analysis, only 3 out of 7 patients with primary extra nodal NHL of the oral cavity, especially DLBCL, who received chemoradiation therapy were alive in a median follow-up of 21 months. 25 Furthermore, a patient with DLBCL of the mandible treated with CHOP chemotherapy was without signs of recurrence in a median follow-up of 18 months. 26 
Uterine lymphoma
Despite the increasing incidence of NHL, only 1-1.5% arises from female genital organs. In a series of 147 isolated genital tract NHL apportionment percentage was as follows: 59% ovarian, 15.5% uterine corpus, 11.5% uterine cervix, 7.5% vulval and 6% vaginal. The remaining cases involved more than one organ. 27 In up to 80% of cases, uterine and cervical NHL appear to be the primary site of disease. 27 As the most common subtype of cervical NHL is DLBCL, obviously, the lymphoma cells in smears typically appear as discohesive cells with scant cytoplasm, indistinct cellular membranes, irregular nuclear contours, one or more large prominent nucleoli, and irregular clearing of the nuclear chromatin. Lack of mucosal involvement, and sparing of stroma and uterine junctional zone seem to be unique characteristic. FL is the second most common histologic subtype of cervical lymphoma.
There are 60 cases of primary cervical lymphoma described in the literature. 28 The median age of presentation is 46 years (range 20-85 years), and DCBCL account for 37% of cases. The Ann Arbor stage at presentation was I in 69.2%, II in 22.7% and III and above in 8.1% of patients respectively. Treatment approach included surgery in 42% of cases, chemotherapy in 16.8%, radiotherapy in 10.9%, and multimodal treatment in the remainder of these patients. Rituximab was applied in 11.7% of the cohort. In 85.2% of patients there was no evidence of recurrence within a median follow up time of 40.5 months (range 2-240 months). Relapse is verified in 2% of the population within 12-48 months, while 8.6% died of their disease within 0-40 months.
The therapeutic approach to the rare isolated genital tract NHL is individualized and based on the general principals of NHL treatment. Non-aggressive asymptomatic NHL can be managed with surveillance or radiotherapy in the case of nodal involvement. Symptomatic patients with stage III and IV FL are treated with rituximab alone or in combination with standard chemotherapy regimes, such as CHOP. The role of surgery seems to be limited. Recently, immuno-chemotherapy regimens have established efficacy while, immunotherapy alone and conservative approach for asymptomatic early stages represent challenging modality. At that regard, successful pregnancies following treatment have been reported in the literature. 29 Prognosis of cervical lymphoma appears to be dismal in advanced stage disease, but its correlation with the different histological types is not completely clarified. 28 
Small intestinal lymphoma
The prevalence of GI in lymphoma is relatively common accounting for 20-40% of all extranodal disease and 10-15% of all NHL. Stomach is the most common site of involvement (60-75%) followed by the small bowel, ileum, cecum, colon and rectum. Age at diagnosis depend on the histological subtype of lymphoma. Clinical symptoms are indistinguishable from other digestive system disorders and include intermittent abdominal pain, nausea, vomiting, weight loss and rarely acute obstructive symptoms, perforation or diarrhea. 30 Histopathologically, almost 90% of the primary GI lymphomas are of DLBCL with very few T-cell lymphomas and Hodgkin lymphoma. Predilection sites according to the histological subtypes have been detected and include mucosa-associated lymphoid tissue (MALT) lymphoma in stomach and mantle cell lymphoma (MCL) in terminal ileum and jejunum appearing as numerous polyps, hence called multiple lymphomatous polyposis. 31 Furthermore, enteropathyassociated T-cell lymphoma (EATL) in jejunum, often complicated by Crohn's disease and FL in duodenum with a geographic variation in its distribution have been identified. 32 Multifocality, however, has been noticed particularly in MALT lymphoma and FL. Multiple risk factors have been recognized in the pathogenesis of GI lymphoma including virological, immunological and clinical parameters, such as HIV, EBV, hepatitis B virus (HBV), human T-cell lymphotropic virus-1 (HTLV-1), as well as campylobacter jejuni and helicobacter pylori infection and inflammatory bowel and celiac disease either. 33 Capsule endoscopy and double-balloon technique of push-and-pull enteroscopy, significantly increased the diagnostic yield in small intestinal lymphoma. Diffuse mucosal thickening and edema with multiple shallow ulcerations, and a nodular or mosaic mucosal pattern are typically present. 34 Radiographic features in barium studies are not specific and include polypoid form, multiple nodules, infiltrative form, endoexoenteric form with excavation and fistulization, and mesenteric invasive form with an extraluminal mass.
The treatment outcome of intestinal lymphoma is relatively poorer than that of gastric lymphoma depending on their histologic subtypes. Lymphoma primarily located in the small intestine usually requires diagnostic laparotomy with the affected segment removed for therapeutic reasons either. The role of adjuvant therapy after curative resection for stage I E and stage II E lymphomas is controversial. There is no consensus recommendations for the treatment of MALT lymphoma involving the small intestine with various modalities depending on the disease burden and the clinical parameters. The surgical resection was traditionally considered as the main therapeutic approach in cases of local intestinal lymphomas. Multi-agent chemotherapeutic strategy has been necessitated for advanced stage intestinal lymphoma with multifocal presentation of MALT lym-phoma. Surveillance is a reasonable approach for indolent FL at stage IE is recommended by some authors until evidence of disease progression. 35 Symptomatic patients, or advanced disease of FL requires surgery, chemotherapy with CHOP and/or radiotherapy. The latter is not suggested for DLBCL involving the small intestine. 36 Anthracycline-based chemotherapy followed by radiotherapy is an option for advanced intestinal lymphoma not amenable to resection. Patients diagnosed with EATL and treated with anthracyclinebased chemotherapy regimens achieved better survival rates as compared to alternative treatment strategies; nevertheless, longterm survival is poor. According to a retrospective study of 31 patients, the 1-and 5-year survival rates were 38.7% and 19.7%, respectively. 37 Another study revealed that patients treated with high-dose chemotherapy followed by autologous peripheral blood stem cell transplantation achieved significantly improved survival. This kind of treatment may be beneficial in 70% of patients with EATL. 38 
Conclusions
In this article we presented our experience in a cohort of patients with extranodal DLBCL. The biologic behavior, clinicopathologic traits and response to therapeutic interventions of these diverse malignancies should be elucidated in order the outcomes of these patients to be improved. Due to the fact that our knowledge stems from retrospective data, the designation of further prospective studies is needed.
